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(54) Automatic voice checklist system 
for aircraft cockpit 

(57) Automatic voice checklist 
employing digital speech processing 
techniques for performing speech 
synthesis and speech analysis, wherein 
interactive communication of stored 
digital information in the form of 
synthesized speech between the crew 
of an aircraft and a ground controller is 
accomplished. An aircraft parameter 
checklist is stored in digital form in a 
vocabularly memory for vocal 
communication to the pilot or crew 
members of an aircraft upon command. 
Additionally, transducer monitoring 
and intelligence may be included in the 
voice checklist system, wherein certain 
aircraft parameters are continuously 
monitored, analyzed and recorded for 
vocal communication to the pilot or 
crew member when conditions indicate 
a possible problem with the 
performance of the aircraft. 
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SPECIFICATION 

Automatic voice checklist system for aircraft cockpit 

5 This invention generally relates to an automatic 
synthesized voice checklist system for the cockpit of 
an aircraft and, in a more particular aspect, to a 
synthesized voice system for aircraft operation and 
the monitoring of aircraft performance parameters 

10 associated therewith. 

Typically, a printed checklist may be provided to 
the pilot and/or crew members of an aircraft to pro- 
mote adherence to a routine procedure in checking 
out various system parameters affecting the perfor- 

15 mance of the aircraft, such as engine performance, 
and various operational systems, e.g. electrical, hyd- 
raulic, etc. Coupled with this printed checklist as to 
aircraft system monitoring, the instrument panel of 
the aircraft is equipped with visual alerting devices 

20 in the form of warning lights which will become 
illuminated when conditions indicate the likely 
occurrence of an event which may adversely affect 
the operating performance of the aircraft — e.g. fal- 
ling oil pressure in any of the aircraft engines. 

25 Additionally, a printed checklist form offering a 
sequence of procedures to be followed in assessing 
aircraft performance parameters, such as altitude, 
cruising speed, rate of climb, etc. may be provided. 
In the latter connection, certain aircraft operations, 

30 such as instrument landings, place a considerable 
workload on the crew members of the aircraft and air 
traffic controllers such that often two pilots and 
checklists are mandatory requirements on some 
types of complex aircraft. Furthermore, communica- 

35 tions between aircraft crew members and air traffic 
controllers must be lucid and without ambiguity, 
even though circumstances may impart a hectic 
characterto such communications. To this end, a 
specialized language has been developed for com- 

40 munications between aircraft crew members and air 
traffic controllers to promote more efficient com- 
munications. Heretofore, efforts to provide com- 
munication between aircraft crew members and air 
traffic controllers have included the use of analog 

45 voice tape recorders for a prompting playback of 
checklist procedure sequences and for in-flight 
safety of flight recording. 

Such aircraft checklist systems and apparatus 
relating thereto as have been developed to date are 

50 of relatively limited scope in that up-dating or in- 
flight changes in prompting or checklists are difficult 
to accomplish. Moreover, such aircraft checklist sys- 
tems and apparatuses offer little real assistence in 
solving the problems relating to communications 

55 between aircraft crew members and air traffic con- 
trollers, while further tending to be either unreliable 
or complex and expensive. 

In accordance with the present invention, an 
'automatic synthesized voice prompting system for 

60 aircraft operation is provided, wherein synthesized 
voice instructions are generated to be heard by the 
aircraft crew members in the form of an audible air- 



craft operation checklist pertaining to the proper 
operation of various aircraft system parameters, 

65 such as engine(s), operational systems, e.g. electri- 
cal, hydraulic, etc. The prompting system includes a 
vocabulary memory in which is stored a plurality of 
coded aircraft information alert speech phrases in 
digital form, a selector panel having appropriate but- 

70 tons and operabiy connected to the memory 
wherein the respective coded aircraft information 
alert speech phrases may be selected therefrom, 
speech synthesis electronics operabiy connected to 
the memory and responsive to the selection of a 

75 coded aircraft information alert speech phrase 
stored therein, and a speaker connected to the 
speech synthesis electronics. The speech synthesis 
electronics may take the form of the speech synth- 
esizing integrated circuits disclosed in pending U.S. 

80 Patent application, Serial No. 901 ,393, filed April 28, 
1978 (Case No. TI-7390), wherein audio output sign- 
als are generated in response to coded digital sign- 
als received as an input for conversion to audible 
speech by appropriate electronic circuitry and a 

85 speaker. In one respect of the present invention 
utilizing such an automatic synthesized voice 
prompting system, the pilot or a crew member of an 
aircraft by pushing an appropriate button on the 
selector panel causes a checklist sequence as 

90 selected by the depression button from the vocabul- 
ary memory to be converted by the speech synthesis 
electronics to an audio output signal which is then 
reproduced as audible sound via the speaker so as to 
provide one or more vocal instructions in a pre- 

95 determined sequence for checking various aircraft 
system parameters of concern. Such an automatic 
synthesized voice prompting system for aircraft 
operation is thereby capable of communicating 
appropriate checklist instructions to the crew mem- 
1 00 bers of the aircraft on command, thus freeing one 
crew member from the task of reading off a printed 
checklist It is further contemplated that the pilot or a 
crew member could vocally communicate the status 
of various aircraft system parameters to the system 
105 such that inflight/safety flight recording could be 
performed in a digital format. 

In another more sophisticated aspect of the pres- 
ent invention, the automatic synthesized voice 
prompting system forms a component of an aircraft 
1 1 0 cockpit synthesized voice system which is also cap- 
able of monitoring certain aircraft performance 
parameters during the operation of the aircraft, such 
as altitude, cruising speed, rate of climb, etc. In the 
latter connection, the aircraft cockpit synthesized 
1 15 voice system comprises a plurality of aircraft sensors 
of analog and digital character in association with a 
sensor scanner for continuous monitoring of aircraft 
performance parameters, recordation and analyza- 
tion thereof. The sensors and the sensor scanner are 
120 operabiy associated with the voice prompter, and 
those aircraft performance parameters which may 
require correction are duly identified by comparison 
to stored limits in memory for subsequent proces- 
sing by the speech synthesis electronics so as to be_ 



The drawings originally filed were informal and the print here reproduced is taken 
from a later filed formal copy. 
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vocally communicated to the pilot or a crew member 
via a speaker. It is contemplated that inflight aircraft 
systems would be monitored by one or more sen- 
sors in the same manner such that the detection of a 
5 marginal aircraft performance condition would give 
rise to an appropriate audio/message being com- 
municated to the pilot or crew member via the 
speaker. 

Thus, aircraft checklists relating to aircraft perfor- 

10 mance parameters would undergo automatic editing 
via the aircraft cockpit synthesized voice system in 
accordance with the present invention, thereby 
relieving the pilot or a crew member from a recur- 
ring responsibility to check various aircraft system 

15 parameters and aircraft performance parameters 
during the progress of a flight, beginning with on- 
ground checking prior to starting the engine(s). 

Byway of example, and in orderto describe vari- 
ous aspects of the invention in greater detail, 

20 together with the advantages thereof, reference is 
made to the drawings, wherein; 

Figure 1 is a block diagram of an automatic synth- 
esized voice prompting system for aircraft operation 
as constructed in accordance with the present inven- 

25 tion;and 

Figure 2 is a block diagram of an aircraft cockpit 
synthesized voice system for aircraft operation and 
the monitoring of aircraft performance parameters 
associated therewith, as constructed in accordance 

30 with the present invention, and including the voice 
prompting system of Figure 1 as a component 
thereof. 

Referring more particularly to the drawings, Figure 
1 illustrates a block diagram of an automatic synth- 

35 esized voice prompting system for aircraft operation 
as constructed in accordance with the present inven- 
tion. The voice prompting system comprises a 
memory 10 of a non-destructive type and serving as 
a vocabulary memory in which are stored a plurality 

40 of digitally coded aircraft information alert speech 
phrases. A switch panel 1 1 is operably connected to 
the vocabularly memory 10, the switch panel serving 
as a selector means and including a plurality of 
switch buttons to enable manual selection of respec- 

45 tive coded aircraft information alert speech phrases 
as stored in the vocabulary memory 10. The 
operator, who may be the pilot or crew member, 
selects a particular phrase or phrases to be audibil- 
ized from the vocabulary memory 10 by depressing 

50 a specific button on the switch panel 1 1 which pro- 
duces an input signal along the conductor 12 from 
the output of the switch panel 11. It will be under- 
stood that the conductor 12 and other conductors 
which are shown in the drawings are representative 

55 of appropriate electrical couplings between various 
components of the systems herein described. In the 
usual case, the electrical coupling will comprise a 
plurality of conductors arranged in a bank of conduc- 
tors or in a bus configuration. Controller means in 

60 the form of a microprocessor controller 13 is oper- 
ably associated with a programmable memory 14. 
The programmable memory 14 which is of the non- 
destructive type has an appropriate software control 
program stored therewithin, the program being 

65 responsible for operating the microprocessor con- 



troller 13. The microprocessor controller 13 reads 
the input signal from the switch panel 1 1 which 
selects the phrase from the vocabulary memory 10. 
The voice prompting system of Figure 1 further 
70 includes an address register 15 connected to the 
input of the vocabulary memory 10 and a command 
register 16 which is connected to the input of speech 
synthesis electronics 17. A system clock 18 is pro- 
vided to synchronize the operation of the various 
75 system components in the correcttime relationship. 
To this end, the system clock 18 has a driver line 19 
interconnected between the microprocessor control- 
ler 13 and the programmable memory 14. The sys- 
tem clock 18 produces clock pulses as an output, the 
80 clock pulses being directed along the driver line 19 to 
synchronize the operation of the microprocessor 
controller 13, the programmable memory 14, the 
address register 15 and the command register 16. 
The address register 15 and the command register 
85 16 are underthe direction of the microprocessor 
controller 13 as instructed by the software program 
stored in the programmable memory 14. Thus, upon 
selection of the phrase or phrases from the vocabul- 
ary memory 10 by the depression of a particular but- 
90 ton on the switch panel 1 1, the microprocessor con- 
troller 13 issues a command to the speech synthesis 
electronics 17 via the command register 16 and steps 
through the program stored in the programmable 
memory 14 generating addresses of data which are 
95 input to the vocabulary memory 10 via the address 
register 15. The vocabulary memory 10 then pro- 
vides as an output the data corresponding to the 
selected phrase or'phrases by the switch panel selec- 
tor means 1 1 or by a continuation of phrases iden- 

100 tified by the program stored in the programmable 
memory 14 to the speech synthesis electronics 17 
via a multiplexer 20 which is interposed therebet- 
ween. The command register 16 includes a com- 
mand instruction lead 21 and a clock lead 22 con- 

105 nected to appropriate input terminals of the speech 
synthesis electronics 17. 

Completing the automatic synthesized voice 
prompting system of Figure 1, sound conversion cir- 
cuitry is connected to the output of the speech 

110 synthesis electronics 17 for receiving the audio out- 
put signal therefrom and converting this audio out- 
put signal to sound. In this connection, the sound 
conversion circuitry may include an appropriate low 
pass filter 23, an audio amplifier 24 and a speaker 

115 circuit 25 of a suitable type for converting the audio 
output from the speech synthesis electronics 17 to 
sound energy. 

It will be understood that the number of phrases 
which may be vocalized in this manner is limited 

1 20 only by the capacity of the switch panel selector 
means 1 1 and the vocabulary memory 10. In its sim- 
plest form, the automatic synthesized voice prompt- 
ing system for aircraft operation may be employed 
for prompting pilots or crew members in the per- 

125 formance of sequential operation or maintenance on 
the aircraft via an audibilized checklist. It is contemp- 
lated thatthe switch panel 11 would be installed in 
the aircraft cockpit and would include a plurality of 
buttons for operating respective mode switches to 

130 select any of the standard checklists, heretofore pro- 
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vided by printed forms, such as starting the 
engine(s) of the aircraft, before take-off, aftertake- 
off, before landing, etc. The voice prompting system 
of Figure 1 may be so arranged as to either step 
5 through a particular checklist automatically by issu- 
ing voice instructions to the pilot or a crew member 
on a timed interval, or may be so constructed as to 
issue a voice instruction for a first item in an instruc- 
tion sequence and then inhibit further operation until 
10 the operator (the pilot or a crew member) signified 
that the next item in the checklist sequence is 
desired or a repeat of the last item is desired by 
depressing an appropriate push-button or actuating 
a suitable control means. It is further contemplated 
thatthe automatic synthesized voice prompting sys- 
tem may comprise a permanent installation in the 
aircraft or could be a portable system. The prog- 
rammable memory 14 may be of a plug-in memory 
module type, wherein solid-state software memory 
modules may be interchanged in the system as 
desired so as to alter the operation of the system 
depending upon which type of aircraft is being util- 
ized in conjunction with the voice prompting system. 
This approach as adopted with a portable system 
25 would substantially increase the versatility of the 
system. However, even where the voice prompting 
system is of the permanently mounted type, a per- 
sonalized checklist for the aircraft could be provided 
by the use of plug-in solid-state software memory 
30 modules in the programmable memory 14 offering a 
variety of software programs under which the voice 
prompting system may be operated. 

It will be further understood that upon completion 
of a specific checklist sequence as selected by the 
35 depression of a particular button on the switch panel 
1 1, or if desired to abort a specifically selected 
phrase or phrases, a reset signal is communicated 
from the switch panel 11 to the microprocessor con- 
troller 13 via a reset line 26. The microprocessor con- 
troller 13 is then conditioned to accept another 
instruction signal from the switch panel 1 1 which 
selects a new phrase from the vocabulary memory 
1 0 in response to the depression of another button, 
whereupon the microprocessor controller 13 oper- 
ates in the previously-described manner stepping 
through the program stored in the programmable 



40 



45 



generated for input to the vocabulary memory 10 via 
the address register 15. The reset circuitry associ- 

50 ated with the switch panel 1 1 may be so constructed 
as to enable the automatic generation of a reset 
signal via the programmable memory 14to the mic- 
roprocessor controller 13 upon completion of the 
checklist sequence corresponding to the particular 

55 button depressed on the switch panel 1 1 . Alterna- 
tively, the switch panel 1 1 may be equipped with a 
special reset button for manual depression by an 
operator in order to transmit a reset signal to the 
microprocessor controller 13 via the line 26 should it 

60 be desired to abort a specifically selected phrase or 
phrases. 

Byway of example, the voice prompting system of 
Figure 1 employs a linear predictive coding techni- 
que in the speech synthesis electronics 17 which pre- 

65 ferably includes a speech synthesis chip, such as the 
TMC 0280 speech synthesis chip manufactured by 
Texas Instruments Incorporated, Dallas, Texas. This 
chip operates from sequentially called single frames 
of digitally stored speech intelligence and is of a type 

70 disclosed in the aforesaid pending U.S. patent appli- 
cation Serial No. 901 ,393, filed April 28, 1978 (Case 
No. TI-7390). This particular speech synthesis tech- 
nique utilizes an electronically alterable model of the 
human vocal track which is configured by digital 

75 input. Along with the digital configuration input, 
pitch and other excitation digital control signals are 
applied to generate an analog signal representing 
the audio sound requested and identified by the digi- 
tal information input to the speech synthesis chip 17. 

80 Other suitable forms of speech synthesis devices 
may also be employed in the voice prompting sys- 
tem in accordance with this invention. Previously 
digitally coded speech is stored in the vocabulary 
memory 10 and applied to the speech synthesis chip 

85 17 as required by the selected button on the switch 
panel 1 1 and controlled by the microprocessor con- 
troller 13. A model of the voice prompting system 
was constructed in which a plurality of TMS-2716 
storage circuits as manufactured by Texas Instru- 

90 ments Incorporated comprised the vocabulary 
memory 10 and were used for the storage of a plural- 
ity of sample aircraft information alert speech 
phrases as listed in Table 1. 







8 Bit Bytes of 


Phrase No. 


Phrase 


Storage Required 


1 


Unknown Aircraft Threat 


142 


2 


SAM Launch 


204 


3 


Bogie 10 O'clock Five Miles 


388 


4 


Missile System Armed 


262 


5 


Increase Display Scale 


263 


6 


Warning Buzzer (Sound Effect) 


263 


7 


Hydraulic Boost Failure 


285 


8 


IR Cool Down 


288 


9 


Landing Gear Down and Locked 


334 


10 


Flaps At 30 Degrees 


308 


11 


Carburetor Inlet Freezing 


313 


12 


Altitude Low Pull Up 


284 


13 


Traffic 10 O'clock Two Miles 


343 


14 


Warning Buzzer (Sound Effect) 


263 


15 


Set Directional Gyro 


322 


16 


Oil Pressure Low 


227 
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Each of the 16 listed phrases corresponds to an 
individual switch setting on the switch panel 1 1 as 
activated by respective buttons, for example. Upon 
depression of a specific button on the switch panel 
5 1 1, the input signal produced thereby is referenced 
to one of the 16 phrases shown in Table 1 . In the 
model as constructed, the microprocessor controller 



13 was an 8080 microprocessor as manufactured by 
Texas Instruments Incorporated, while the prog- 
10 rammable memory 14 operably associated there- 
with was a plurality of TMS 2708 circuits as manufac- 
tured by Texas Instruments Incorporated in which a 
software control program was stored, the software 
control program being shown in Table 2. 



TABLE2 



IMC0281 CONTROL PROGRAM 




UUUU ofc SOY) 


D\A/DI ID* 

rWnUr. 


IVlVI A, \Q 


; 280 Reset Instruction 


oftno oo fxni a/51 
UUUZ oz YjSQ PsSO 




CXA Of A CX(HCA\A 

0 1 A VOfKSOSoSan 


; store in TMC028Q 


UUUO rb/oU 




Uni own 


; Command Register 


nnm 00/51/71 a/ji 

UUU/ oZkJiO PA0 




ex a n\ a rxmrxu 


; Pulse PDC 


000AE67F 




ANI7FH 




nnnr* 00 /ti/ti a 




CTA i9IA/7l/7tf9ILJ 




000 T3A 00 B0 


CTADT. 

START: 


LDA0B00H 


; Read Switch Register 


0012 CD0P 




ANI 0FH 




001487 




ADDA 


; Left Shift to Get 
; Pointer Offset 


nm c /Tic /i pi 
UU10 JJO 4I0 




Q AC\A 

MVI D, 404 


Load BC with Phrase 


0017 4r/ 




MO V C, A , 


Pointer + Offset 


00 lo k3A 




1 HAV D 

LDAXo , 


Load LSB of Phrase 
Address and Store 


0019 32 00 80 




STA 8000 H ( 


in AREGO 


001 L 0O 




INK C , 


Point to next bite 
of address 


n/M n f7l A/ 
UU 1 U wA/ 




1 n AV D 
ID AX D 


Load MSB of Phrase 


f\f\*\ C OO /5I/5I Q/5I 

001 c 32 9J3 




STA 900 0H 


Address 01 Store in ARPG 


0021 3E0H 




MVI A, 0AH 


280 Speak Inst 


0023 32/00 A0 




STA00A000H 


Store in TMC0280 
Comm. Reg . 


0026 F680 




ORI80H 


; Pulse PDC 


0028 3200 A0 




STA0A000H 




002B E67F 




ANI7FH 




002D32 00 A0 




STA 0A000H 




0030 01 00 00 




LXI B,0 


; Setup Delay Count 


0033 3E0A 




MVI A, 0AH 




0035 0C 


L1: 


INRC 


Delay Between Phrases 


0036 C2 35 00 




JNZ L1 


(5 Sec.) 


0039 04 




INRB 




OO3AC2 35 00 




JNZL1 




003D3D 




DCRA 




OO3EC2 3500 




JNZ L1 




0041 C3 0F00 




JMP START 





.5 x N {256((1 5.256) + 15) + 15) = 5 sec 
906895 



1 5 When operating from the specific model software 
control program of Table 2, the TMS 8080 microp- 
rocessor controller 13 reads the input signal from the 
switch panel 11 which selects one of the 16 phrases 
listed in Table 1 from the TMS 2716 storage circuits 

20 comprising the vocabulary memory 1 0. The TMS 
8080 microprocessor controller 13 then commands 
the TMC 0280 speech synthesis chip via the com- 
mand register 1 6, stepping through the program 
shown in Table 2, thereby generating data represent- 

25 ing a frame of speech at a time which is input to the 
TMC 0280 speech synthesis chip of the speech 
synthesis electronics 17 via the vocabulary memory 
10 and the multiplexer 20. The TMC 0280 speech 
synthesis chip on command generates an audio 

30 signal output which is then transmitted through 



sound conversion circuitry to convert the audio 
signal output to sound energy in the form of audible 
instructions, commands, or alert statements corres- 
ponding to the selected phrase from Table 1 to 

35 prompt the pilot(s) or crew members in the perfor- 
mance of sequential operation or maintenance on 
the aircraftorto alert the aircraft personnel to poten- 
tially dangerous conditions. 
The program listed in Table 2 may be stepped 

40 through in each operating sequence of the voice 
prompting system of Figure 1 in the following man- 
ner. In the specific model, the program is structured 
to reset automatically on power up. Then, the prog- 
ram reads the switch settings as selected on the 

45 switch panel 1 1 and obtains a specific speech frame 
of digital information from the vocabulary memory 
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10 for presentation to the speech synthesis electron- 
ics 17. The program then issues a speak command 
and continues on to the next speech frame of digital 
information. Upon completion of the required set of 

5 speech frames that make up a phrase by stepping 
through the same program operating sequence as 
necessary, the microprocessor controller 13 recog- 
nizes an "end of phrase" signal identified by the 
program and resets to await the next input signal 

10 transmitted along the conductor 12 as selected from 
the switch panel 1 1 . Additionally, the model voice 
prompting system incorporated a timing loop in the 
program to automatically repeat the last phrase 
every 5 seconds if a new phrase had not been 

15 selected from the switch panel 11. 

Referring now to Figure 2, an aircraft cockpit 
synthesized voice system is depicted therein in block 
diagram form, the aircraft cockpit synthesized voice 
system being adapted to be fully integrated with a 

20 particular aircraft. The aircraft cockpit synthesized 
voice system includes as a component thereof the 
voice prompting system of Figure 1 as modified to 
accommodate aircraft performance monitoring 
means as will be described hereinafter. In the more 

25 sophisticated system of Figure 2, the voice prompt- 
ing system component thereof is shown within 
dashed lines and corresponds to the voice prompt- 
ing system of Figure 1, except that the switch panel 

11 of the voice prompting system illustrated in Fig- 
30 ure 1 has been replaced by conductive leads from 

the aircraft radio, the pilot, and scanning means 
associated with the monitoring devices for providing 
information relating to aircraft performance para- 
meters. To this end, the individual components of 

35 the voice prompting system included in the aircraft 
cockpit synthesized voice system of Figure 2 have 
been identified by the same reference numerals 
employed in Figure 1 with the prime notation added. 
Except as hereinafter described, it will be under- 

40 stood that these components operate in the same 
manner as in Figure 1. In this instance, for example, 
the microprocessor controller 13' may take the form 
of aTMS 9980 microprocessor as manufactured by 
Texas Instruments Incorporated. 

45 The aircraft performance parameter monitoring 
means of the system of Figure 2 comprises a plural- 
ity of aircraft sensors of analog and digital character 
in association with respective scanner interface cir- 
cuits, shown as an analog sensor interface circuit 30, 

50 a digital interface sensor circuit 31, and a digital bus 
interface circuit 32, it being understood that a plural- 
ity of aircraft sensors of differing analog and digital 
types are placed at various locations on the aircraft 
for gathering aircraft performance data. The outputs 

55 from these respective aircraft sensors are selectively 
received by the analog sensor interface circuit 30 
and the digital sensor interface circuit 31 in associa- 
tion with the digital bus interface means 32 for 
sequential transmission to a scanning means 33 

60 which may comprise a TMS 9901 sensor scanning 
circuit as manufactured by Texas Instruments Incor- 
porated, the latter sensor scanning circuit 33 being 
adaptable for interfacing with the TMS 9980 microp- 
rocessor controller 13' of the voice prompting sys- 

65 tern via a lead 12'. Suitable analog and digital inter- 



face circuits may be employed as the analog sensor 
interface circuit 30, the digital sensor interface circuit 
31 and the digital bus interface circuit 32. The sensor 
scanning circuit 33 periodically traverses the respec- 

70 tive inputs thereto from the analog sensor interface 
circuit 30, the digital sensor interface circuit 31 and 
the digital bus interface circuit 32 in a continuous 
scanning sequence for receiving current data from 
each of the analog and digital aircraft sensors as 

75 they provide such data to the bank of interface cir- 
cuits 30, 31 and 32. By providing an appropriate 
program in the programmable memory 14' for use 
with the sensor scanning circuit 33 which is inter- 
connected therewith and with the microprocessor 

80 controller 13', the aircraft cockpit synthesized voice 
system of Figure 2 is effective to monitor aircraft 
performance parameters during the operation of the 
aircraft, such as altitude, cruising speed, rate of 
climb, etc. In the latter connection, by way of exam- 

85 pie, the phrase meaning designated by phrase num- 
bers 3, 10 and 13 from Table 1 may be altered in the 
word and numerial composition thereof to automat- 
ically reflect the correct current numerical values 
based upon input data received by the sensor scan- 

90 ning circuit 33. The system may detect if a particular 
item of a checklist sequence is set in the appropriate 
position for normal operation of the aircraft. If nor- 
mal operation is indicated, the microprocessor con- 
troller 13' eliminates that particular item from the 

95 checklist sequence, since voice prompting by enabl- 
ing the speech synthesis electronics 17' to audibilize 
instructions to the pilot or crew members is 

unnecessary under such circumstances. 

The aircraft instrument panel or auxiliary mode 

100 controls or displays in the aircraft may be operably 
connected to the microprocessor controller 13' to 
provide inputs thereto, this signal input being diag- 
rammatically indicated by the input lead 40. Addi- 
tionally, a radio link to the microprocessor controller 

105 13' is indicated by the input lead 41. It will be under- 
stood that the mode controls available to the pilot or 
crew members may include a switch panel keyboard 
similarto the switch panel 11 of Figure 1 sothatthe 
pilot or crew members may manually initiate a 

110 desired checklist sequence via the input lead 40 to 
the microprocessor controller 13' for receiving voice 
communication from the voice prompting system 
via the speech synthesis electronics 17' which may 
be in the form of operation or maintenance instruc- 

1 1 5 tions and the like as accomplished with the voice 
prompting system of Figure 1. 

Additionally, the leads 40 and 41 may be 
input/output leads for intercommunication between 
the voice prompting system and any crew member 

120 or radio link in the operation of the aircraft cockpit 
synthesized voice system of Figure 2. In this respect, 
the displays on the aircraft instrument panel or on 
auxiliary devices viewable by the pilot or crew 
members may be of visible and/or audible types so 

125 as to serve as a further alert feature advising or 
warning the pilot and crew members of potential 
improper aircraft performance conditions. The 
two-way radio link communicating with the voice 
prompting system via the input/output lead 41 may 

130 be employed as a remote control actuator to trans- 
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mitthe selected aircraft information alert speech 
phrase, such as from the list given in Table 1, to the 
voice prompting system. It is contemplated that a 
standard Com/Nav aircraft radio or other suitable 
5 radio or data link may be employed for this purpose 
which permits remote control operation of the sys- 
tem shown in Figure 2. Thus, transmission of infor- 
mation to and from the aircraft could be remotely 
accomplished in this manner by employing only the 
10 numbers assigned to particular phrases indicative of 
a selected checklist sequence instead of the full text 
of the checklist to provide a substantial enhance- 
ment in the capacity of the channel 41 for informa- 
tion flow. 

15 In accordance with the present invention, the voice 
- prompting system of Figure 1 and the aircraft cockpit 
synthesized voice system of Figure 2 as employed in 
aircraft operations are effective to: (1 ) relieve the 
pilot(s) and crew members of keeping up with and 

20 reading checklists; (2) automatically edit checklists 
for aircraft performance parameters in the correct 
position and only vocally inform the pilot(s) and 
crew members of those aircraft performance para- 
meters that may need changing for the current air- 

25 craft operation; (3) relieve the pilot(s) and crew 
members of monitoring aircraft performance para- 
meters by having the parameters read and con- 
verted digitally to a voice message communicated to 
the pilot(s) and crew members; (4) advise the pilot(s) 

30 and crew members of out-of-tolerance conditions 
with appropriate warning messages; and (5) reduce 
the interplay of communications between the air- 
craft and ground personnel by enabling only mes- 
sage identifiers to be transmitted therebetween 

35 instead of the full message text. 

Although the present invention has been 
described in relation to a specific embodiment 
thereof, it will be apparent to those skilled in the art 
that various modifications may be made without 

40 departing from the spirit or scope of the present 
invention. 
CLAIMS 

1 . An automatic synthesized voice prompting 
system for aircraft operation comprising: 
45 memory means having a plurality of coded aircraft 
information alert speech phrases stored therein; 

selector means operably connected to said mem- 
ory means for selecting the respective coded aircraft 
information alert speech phrases from said memory 
50 means; 

speech synthesis means operably connected to 
said memory means and responsive to the selection 
of a coded aircraft information alert speech phrase 
stored in said memory means for generating an 

55 audio output; and 

speaker means connected to said speech synth- 
esis means for receiving the audio output therefrom 
and providing the selected coded aircraft informa- 
tion alert speech phrase as audible sound. 

60 2. A voice prompting system for aircraft opera- 
tion as set forth in Claim 1, further including 

controller means operably interposed between 
said selector means and said speech synthesis 
means for receiving an input from said selector 

65 means indicative of the selected aircraft information 



alert speech phrase; and 

command register means operably connected to 
the output of said controller means and to the input 
of said speech synthesis means and responsive to 
70 said controller means for directing said speech 
synthesis means to accept data from said memory 
means and to generate said audio output represen- 
tative thereof. 

3. A voice prompting system for aircraft opera- 
75 tion as set forth in Claim 2, wherein said controller 

means comprises a microprocessor controller and a 
programmable memory interconnected therewith 
for instructing said microprocessor controller in its 
operating sequence, said microprocessor controller 

80 being connected to said selector means for receiving 
an input therefrom indicative of the selected aircraft 
information alert speech phrase and providing an 
output conditioned by the instructions from said 
programmable memory to said command register 

85 means for activation thereof. 

4. A voice prompting system for aircraft opera- 
tion as set forth in Claim 2, further including 

address register means operably interposed bet- 
ween said controller means and said memory means 
90 for receiving an input from said controller means for 
generating addresses of data corresponding to the 
selected aircraft information alert speech phrase; 
and 

said memory means being connected to the out- 
95 put of said address register means for accepting the 
data addresses generated thereby to identify the 
selected coded aircraft information alert speech 
phrase stored therein for transmission as an output 
to said speech synthesis means. 
100 5. An aircraft cockpit synthesized voice system 
for aircraft operation and the monitoring of aircraft 
performance parameters associated therewith, said 
aircraft cockpit synthesized voice system including 
plural sensor means adapted to being disposed in 
105 various locations on the aircraft for monitoring per- 
formance conditions and providing data indicative 
thereof; 

sensor scanning means operably associated with 
said plural sensor means for periodic reception of 
110 aircraft performance data therefrom; 

memory means operably connected to said sensor 
scanning means for receiving as an input therefrom 
collected data from said plural sensor means, said 
memory means having a plurality of coded aircraft 
115 information alert speech phrases stored therein and 
being responsive to the sensor data for identifying 
coded aircraft information alert speech phrases 
stored therein; 

speech synthesis means operably connected to 
120 said memory means and responsive to coded air- 
craft information alert speech phrases as output 
therefrom in response to the received sensor data 
for generating an audio output; and 

speaker means connected to said speech synth- 
125 esis means for receiving the audio output therefrom 
and providing a vocal message corresponding to the 
coded aircraft information alert speech phrase pro- 
vided by said memory means to said speech synth- 
esis means. 

1 30 6. An aircraft cockpit synthesized voice system 
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for aircraft operation as set forth in Claim 5, wherein 
said plural sensor means includes both analog and 
digital sensors. 

7. An aircraft cockpit synthesized voice system 
5 for aircraft operation as set forth in Claim 6, further 

including 

interface circuit means interposed between said 
analog and digital sensors and said sensor scanning 
means for transmitting as inputs to said sensor 
10 scanning means in a continuing periodic sequence 
aircraft performance data as detected by said sen- 
sors. 

8. An aircraft cockpit synthesized voice system 
for aircraft operation as set forth in Claim 5, further 

15 including 

controller means operably interposed between 
said sensor scanning means and said speech synth- 
esis means for receiving inputs from said sensor 
scanning means corresponding to aircraft perfor- 

20 mance data as detected by said plural sensor means; 
and 

command register means operably connected to 
the output of said controller means and to the input 
of said speech synthesis means and responsive to 
25 said controller means for directing said speech 
synthesis means to accept data from said memory 
means and to generate said audio output represen- 
tative thereof. 

9. An aircraft cockpit synthesized voice system 
30 for aircraft operation as set forth in Claim 8, further 

including 

mode control means adapted to be positioned 
within the aircraft and intercommunicatively con- 
nected to said controller means to enable initiation 
35 of a selected aircraft checklist maintenance sequ- 
ence by providing an input to said controller means 
indicative thereof. 

1 0. An aircraft cockpit synthesized voice system 
for aircraft operation as set forth in Claim 8, further 

40 including 

remote control means intercommunicatively con- 
nected with said controller means for transmitting 
thereto data representative of a selected aircraft 
information alert spee ch phrase. 

Printed for Her Majesty's Stationery Office by The Tweeddale Press Ltd.. 
Berwick-upon-Tweed, 1980. 

Published at the Patent Office, 25 Southampton Buildings, London, WC2A 1 AY, 
from which copies may be obtained. 
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